INTRODUCTION
Suitable habitat is the most important factor influencing the distribution and abundance of small mammals within their geographic ranges (Baker 1968 :101, Vaughan 1972 . Accounts of general habitats occupied by small mammal species are common in the literature, but relatively few studies quantify habitat preference and factors influencing species distribution within a locality (Kaufman and Fleharty 1974, Armstrong 1977) . Some small mammals exhibit specific habitat requirements and are limited in their distribution~ while others occupy a wide variety of habitats (Kaufman and Fleharty 1974 , Kirkland and Griffin 1974 , Briese and Smith 1975 , ~1iller and Getz 1976 . To my knowledge, there have been no quantitative studies of habitat selection by small mammals in Iowa, although several distributional records have been published (Schlitter and Bowles 1968, Weller and Blagen 1970) ; the most extensive is by Bowles (1975) .
Stream channelization, the process by which a natural stream channel is converted into a man-made ditch (Allen 1969) , has been the subject of much controversy over the past two decades. The purposes of stream channel realignment are to protect land from floods (Choate 1972) and to faci 1 itate drai n1'ng tracts of marsh, s\'Jamp, wet hardv/ood forests, and floodplains for 'agricultural use (Gilletee 1972 , Holder 1969 .
Stream alteration may reduce wetland (Choate 1972) , woodland (Allen 1969) , and edge habitat (Barstow 1971) for wildlife and usually involves the removal of all trees and other woody vegetation along each bank for widths up to 30 m (Allen 1969) . Other effects include decreasing soil moisture and accelerating erosion (Barstow 1971) , retarding vegetational succession and decreasing habitat diversity (Prellwitz 1976) , and reducing suitable areas for outdoor recreation (Allen 1969) .
Biological results of channelization have not been studied extensively (Gi11etee 1972) , and recent documentation of effects on small mammal communities are limited to a few studies which report differing results depending on the age of the stream segment since channelization (Ellis 1976 ). Some channelized segments had significantly lower mammal species diversity than unchannelized ones (Ferguson 1975 , Dodge et a1. 1976 , Possardt and Dodge 1978 . Rice (1976) , however ,reported an increase in species diversity in grassland habitats resulting from stream realignment and concluded that habitat alterations caused by channelization could be favorable to populations of some speci~s while reducing others. Other types of habitat disturbances such as c1earcutting (Martell and Radvanyi 1977, Kirkland 1977) , fire (~efting and Ahlgren 1974, Fala 197b) , and strip-mining (Verts 19~9, DeCapita and Bookhout 1975) can also alter small mammal communities. Regardless of the nature of disturbance, vegetation is cilanged and habitat altered; populations of some small mamma 1 species may benefit while others are affected adversely.
The objectives of this study were to determine habitat preferences of some small mammals and to quantify the effects of habitat alterations, including stream channelization and grazing, on community composition, species abundance, and the reproductive biology of Peromyscus leucopus.
Although this study was conducted in a specific locality in southwest Iowa, the results are applicable to other riparian communities, especially those \lith similar small mammal communities. The percentage cover of each plant species occurring within a 1m2 quadrat, positioned three paces from each grid marker at a 45 0 angle from the transect line, was estimated using the classes 5%, 25%, 50%, 75%, and 95%. Each species was also assigned to a life form (grass or grass-like, forb, shrub, deciduous tree, or evergreen tree). 9.1-12.b m, 12.6-17.5 m, 17.6-22 .5 m, >22.5 m, maximum diamtere (cm), and a subjective determination of whether the structure was hard or soft. Following the second live-trap sequence, each plot was trapped with museum special snap-traps for four consecutive days and nights using peanut butter mixed with cotton as bait (Getz and Prather 1975) .
Information recorded for each animal was the same as that previously described for live-trapped animals.
Reproductive tracts of snap-trapped adult female white-footed mice (Peromyscus leucopus) were examined to determine reproductive output. The uterus and ovaries were removed after making a mid-abdominal incision and preserved in 10% formalin. Each tract was examined under a binocular scope.
Embryos were counted when present, and each ovary was cross-sectioned serially with a razor blade to determine the number of corpora lutea and corpora rubra. Reproductive stage was categorized as: non-active, estrus (indicated by enlarged ovarian follicles and uterus), pregnant (evidenced by the presence of corpora lutea or embryos), or post-partum (indicated by corpora rubra or placental scars). Other species were not examined because of small sample size. Vogler (1978) identified 34 specific habitat types on the 28 study plots by reciprocal averaging ordination (Hill 1973) The reciprocal of Simpson's (1949) Index (l/EPi ' where pi=the
Analysis Methods
proportion of the total sample in the ith group) was used as an expression of niche breadth across the resource states being analyzed (Whittaker and Levin 1975:169) . Index values were calculated for habitat selection by the nine mammal species based upon either densities or relative abundances in the six general habitat types. Species with broader niches (higher index values) were assumed to be more tolerant of habitat changes. Hereafter, the index will be referred to as the tolerance index.
Small mammal species responses to microhabitat characteristics were determined by stepwise multiple regression analysis by comparing species abundance (at each grid point; N=2,876) with the following variables:
percentage cover of grasses, forbs, shrubs, deciduous tree?, and evergreen trees; number of logs, stumps, and brushpiles; mean log length; plant species richness~ vertical stratification (expressed as the number of different strata {herb, shrub, tree} present); and slope. Significance for all regressions was P~O.Ol, and for F-tests, P$O.05.
Several additional independent variables were derived from vegetation data, but were excluded from the analysis because of high correlations with the variables selected. When two variables were correlated highly, they were assumed to measure the same habitat feature(s), and therefore only the variable most strongly related to mammal species abundance was used. \Jithin each life form, plant species richness was correlated positively with percentage cover, but of the two, cover was related more strongly to mammal abundance. Log diameter and length were correlated positively, but length was related more strongly to mammal abundance.
Log number, diameter and length were divided into hard and soft classes, but these showed weaker correlations with mammal abundance than when the classes were combined.
RESULTS AND DISCUSSION

General RAsults
The channelized habitats were generally devoid of tree cover and grass species dominated the herbaceous stratum (Appendix). They were also subjected to periodic grazing, mowing, and herbicide application.
Floodplains and ungrazed uplands were relatively undisturbed deciduous forests with closed-canopies. Heavily and lightly grazed uplands had few shrubs and trees, and herbaceous vegetation height was restricted by grazing.
Small mammal species diversity was highest in channelized and heavily grazed upland habitats (Table 1) . Ellis (1976) also reported greater small mammal species diversity in channelized habitats, attributed to the presence of grassland vegetation. Ferguson (1975) however, found lower species diversity in areas recently channelized (2 years postchannelization) with forbs dominating the herbaceous stratum. The lower mammal species diversity in the other general habitat types may be attributed partially to the dominance of f. leucopus and T. ?triatus. Brown (1973) reported that lo~ diversity of rodent species in mesic forest habitats shows a lack of successful partitioning of food resources between species, and Dueser and Shugart (1978) hypothesized that these communities may be ecologically saturated even at a low diversity. Habitat Selection
Tolerant species
~. leucopus occurred in all general habitat types and occupied the widest range of habitats of the species studied. The ubiquity of this species has been documented well (Wrigley 1969 , Geluso 1971 , Krull and Bryant 1972 , and these mice are not restricted severely by habitat requirements (Baker 1968:102) .
Floodplains were the preferred habitats; lower densities were found in ungrazed and lightly grazed upland areas. Grazing and channelization adversely affected f. 1eucopus populations as densities were lowest in areas subjected t~ these land-use practices. t. leucopus has been documented from a variety of riparian habitats (Andersen and Fleharty 1967) , with higher population densities reportedly occurring in mature floodplains than in upland habitats (Wetzel 1958, Blem and Blem 1975) .
Oatzli (1977) also found greater fluctuations and higher population densities in floodplains than in upland areas and hypothesized that survival of young is dependent on food availability, which is the primary factor influencing populations of f. 1eucopus. f· leucopus abundance was related (P~O.Ol) to six of the twelve independent variables entered in the regression analysis (Table 2) .
These mice preferred areas with better developed vertical stratification, more brushpi1es and longer logs, greater grass cover, but lower forb cover and plant species richness. f. leucopus in Connecticut were also more abundant in habitats with low coverage of herbaceous vegetation (Miller and Getz 1976) Tamias striatus densities were similar in upland areas and dry floodplains, with'lightly grazed upland being preferred. Lower densities were found in wet floodplains, and channelized habitats were avoided.
Habitats with more shrub and evergreen tree cover but less forb cover, well developed vertical stratification, steeper slopes, more logs, and a greater variety of plant species were selected. T. striatus have been documented from habitats with dense shrub cover (Iverson et al. 1967 ),but are reportedly most abundant in climax deciduous forests characterized by dense canopy coverage and mature trees (Wrigley 1969, Kirkland and Griffin 1974, Svendsen and  Yahner in press). T. striatus have been shown to be tolerant to some degree of forest disturbance (Forbes 1966) , but complete timber removal has a detrimental effect on populations (Bowles 1975:62) , hence explaining their absence in channelized areas.
The positive relationship between Tamias numbers and evergreen tree cover has been reported previously (Dueser and Shugart 1978) . Vogler (1978) found that eastern red cedar (Juniperus virginiana) reached its highest importance value in lightly grazed habitats, which also supported the highest 1. striatus densities. Interspersion of red cedar may be an important habitat feature because Kirkland and Griffin (1974) reported that when 1. striatus were given access to both deciduous and coniferous areas, deciduous were preferred. 
Moderately tolerant species
Blarina brevi cauda and Sorex cinereus were most abundant in channelized habitats and wet floodplains, and lower densities occurred in upland areas. Both selected areas with higher grass cover and more stumps. In addition, Blarina preferred areas with more brushpiles and lower plant species richness, and Sorex chose areas with higher shrub coverage.
Studies have shown either lowland (Krull and Bryant 1972) or open grassland habitats to be preferred by B. brevi cauda (Pruitt 1959, Choate and Fleharty 1973) , although Briese and Smith (1975) reported no preference.
The same general types of habitat have been documented for S. cinereus (Williams 1955 , Walker 1976 . Habitat preferences of these two shrew species have been associated with high humidity (Getz 1961 , Wrigley 1969 , Spencer and Pettus 1966 and dense herbaceous vegetation (Miller and Getz 1976, Armstrong 1977 ). In addition, ~. brevi cauda abundance has been related positively to loose soils (Pruitt 1959 , Wrigley 1969 ) and greater cover in the form of decaying vegetation and logs (Wrigley 1969) .
In most of these reports, shrews avoided dry areas, thus explaining their absence from the more mesic dry floodplains and uplands.
Intolerant species
Mus musculus were more abundant in wet floodplains than in channelized areas, and avoided dry floodplains and wooded upland areas. Numbers were higher in habitats with greater forb cover, shorter logs and lower plant species richness. Mus were usually associated with man-made structures, and extensive tracts of timber were completely avoided (see also Bowles 1975:149) . An association between the occurrence of Mus and dense herbaceous vegetation has been documented elsewhere (Pearson 1959) and Peromyscus may exclude Mus from suitable habitat (Briese and Smith 1973 ).
Peromyscus maniculatus bairdii were most abundant in channelized habitats; much lower numbers were found in heavily grazed uplands and wet floodplains. This species preferred areas with less well-stratified vegetation, low plant species richness, greater forb but lower grass cover, and shorter logs. f. maniculatus bairdii reportedly prefer grassland vegetation (Geluso 1971 , Iverson et al. 1967 , Bowles 1975 , dominated by tall-grass species such as Andropogon gerardi, ~. scoparius and Bouteloua curtipendula (Hansen and Fleharty 1974, Kaufman and . Characteristic habitats are usually in the early stages of succession (Wetzel 1958 , Andersen and Fleharty 1967 , Baker 1968 .
Population densities of Reithrodontomys megalotis were also highest in channelized habitats; lower numbers were found in heavily grazed uplands and floodplains. Preferred habitat was characterized by high forb cover and low plant species richness. Others have documented a preference in this species for relatively open habitat (Maxwell and Brown 1968) , with a high cover of grasses (Rickard 1960 , Birkenholz 1967 , Whitaker and Mumford 1972 , forbs (Andersen and Fleharty 1967, Martin 1960) , or both (Kaufman and Fleharty 1974, Ford 1977) .
Heavy grazing and channelization favored Spermophilus tridecemlineatus; populations were found only in habitats subjected to these land-use practices. Abundance was related positively to forb cover and negatively to plant species richness. S. tridecemlineatus were ,caught mainly in an area dominated by Kentucky blue-grass (Poa pratensis),
Foxtail barley (Hordeum jubatum), and yellow foxtail (Setaria faberi).
Others also have reported that this species prefers open grazed habitats (Andersen and Fleharty 1967, French et al. 1976 ).
Microtus pennsylvanicus were most abundant in channelized habitats dominated by smooth brome (Bromus inermis) and reed canary grass (Phalaris arundinacea). Lower numbers were found in floodplains and heavily grazed uplands. ~. pennsylvanicus selected habitats with dense forb cover and low plant species richness.
~. pennsylvanicus is primarily a grassland species (Mossman 1955 , Eadie 1953 , Miller 1969 , M1Closkey and Fieldwick 1975 . Areas with dense herbaceous vegetation cover (Getz 1960 , Shure 1970 , Conley et al. 1976 ), high humidity, and moist soil (Getz 1960 (Getz , 1970 Miller 1969; Murie 1969) are preferred. A close association between meadow voles and dense, mat -like vegetation in the litter layer (M1Closley 1975b), and certain grasses (Muhlenbergia, Setaria, Poa) also have been reported (Zimmerman 1965 , Wirtz and Pearson 1960 , Hodgson 1972 (Armstrong 1977) .
In general, tolerant and moderately tolerant species numbers were correlated positively (Table 3) . Dueser and Shugart (1978) also reported a positive relationship between t. leucopus and T. striatus numbers, and noted that these two species were the most dissimilar in appearance and body size of the species studied. Divergence in body size may allow coexistence because of the relative lack of competition between the two species. Different-sized rodents may use dissimilar food sizes, partially because of differences in where they forage (M'Closkey 1976).
Competitive interactions between these two species also would be reduced because Tamias are diurnal and Peromyscus primarily nocturnal.
Abundances of the two shrew species were associated positively, largely attributable to similarities in habitat requirements (Tables   1 and 4) . Although both are insectivores, their body sizes also differ, with Sorex being much smaller than Blarina. This dissimilarity in body size may favor co-occurrence. Abundances of the two shrew species also were correlated positively with t. leucopus numbers, and Blarina abundance with that of Tamias. Co-occurrence of these insectivores with the tolerant rodent species is probably the result of niche segregation; shrews are fossorial, and f. leucopus and I. striatus partially arboreal.
Tolerant species numbers were correlated negatively with those of the intolerant species. The tolerant species were primarily woodland mammals, \'Jhile the intolerant species were restricted mostly to grassland habitats, hence explaining the negative relationship. The strongest negative correlation was between abundances of the two Peromyscus species.
Habitat segregation in Peromyscus may be the result of reproductive barriers, morphological differences, food preferences, behavioral dif- or competition (Grant 1975; Drickamer 1970; Miller 1969; Christian 1976, 1977) .
The only significant correlations among intolerant species were between t. maniculatus numbers and those of R. megalotis and ~. tridecemlineatus; these three species were caught primarily in treeless habitats. P. maniculatus and S. tridecemlineatus numbers had the strongest positive correlation of all the species compared. Some aspects of f. leucopus reproductive biology were examined in relation to habitat quality and population dynamics. Reproductive tracts of 610 snap-trapped adult female mice were examined; 36% had visible embryos present in the uterine horns, 49% had ovarian corpora lutea, and 15% corpora rubra. Mean embryo counts (Table 4 ) differed significantly among the six habitat types (£=4.93, df=5,213), but corpora lutea and corpora rubra numbers did not (E=0.07, 0.61).
The six general habitat types were further classified as disturbed (channelized, grazed) and relatively undisturbed (floodplain, ungrazed upland) using land-use practices as the major criteria. f. leucopus from undisturbed habitats had greater embryo LE=19.~U, gf=1,212) and corpora lutea counts (I=5.80, Qf=1,288) than did those from disturbed areas. Corpora rubra numbers did not differ significantly between undisturbed and disturbed habitats (£=0.78). Assuming the undisturbed habitats are more optimal than disturbed, increased production and survival of young may be partially attributed to a better food supply in these habitats. Millar (1975) found that captive females supporting large litters consumed more food than those with smaller litters, and Kirkpatrick and Merson (1976) reported that as little as a 10% reduction in food supply caused a marked reduction in reproductive activity of P. leucopus.
Mean litter size in f. leucopus is quite variable, reportedly ranging from slightly over 5.0 (Coventry 1937 , Bendell 1959 , Terman 1968 to (Brown 1~64, Lackey 1978) . Litter size in mammals is usually larger in northern populations than in their southern counterparts (Lord 1960 , Blus 1966 , Smith and McGinnis 1968 , Spencer and Steinhoff 1968 .
This same trend has been documented for ~. leucopus sampled from Wisconsin and Illinois (Long 1973) . Lackey (1978) , however, reported higher mean litter size in populations from Mexico than those from Michigan, and proposed several hypotheses to account for the discrepancy between his results and those of others. Long (1973) and Lackey (1978) , however, did not mention variations in mean litter size within a particular locality.
My results indicate that litter size in ~. Jeucopus is variable even within a specific locality and may be influenced by population size and habitat quality. Population density was correlated positively \/ith mean litter size for the six general habitat types (L=0.82, df=5) (Figure 2 ).
Mean length and weight (excluding pregnant females) of adult P. leucopus were also compared (Table 5) , and differences were found among the six general habitat types (F=8.13, df=5,1275; F=7.60, df=5,750) .
Adult male and female mice were also longer (£=12.05, ~1,740; £=14.05, Qf=1,536) and heavier (~=21.78, g[=1, 761; ~=17.73, Qf=1, 562) in undisturbed than in disturbed habitat types.
Adult sex ratios dJd not differ significantly amon~ the six habitat ty~es (P=0.95). Juvenile and sub-adult sex ratios were not analyzed because of an inadequate sample. There were significantly more adult males than females, 11m/ever, cOlllbining capture:. from all habitats. Long (1973) also reported sex ratios favoring males, but Blem and Blem (1975) > - and Batzl i I (1977) reported sex ra ti os di d not depart from random in the populations they studied.
The percentages of both males and females in breeding and non-breeding condition (Table 6 ) differed among the six general habitat types (X 2 = 40.03, 17.81; df=5); almost totally the result of variation among the disturbed habitats. There was a higher percentage of males and females in breeding condition in undisturbed than in disturbed habitats, but the difference was not significant (P=0.67, 0.49).
In summary, f. leucopus were more abundant) and had larger litters and body sizes in undisturbed than in disturbed habitats. Those from channe 1 i zed areas, hm'iever, Here the 1 onges t and heav i es t, and the percentage of males in breeding condition was highest. Of the habitats studied, those channelized were probably the most severely altered.
Animals from lightly grazed habitats \tlere the smallest, and had the lowest percentage of males and females in breeding condition.
Expected Impacts of Habitat Alteration
A knowledge of habitat requirements can be used to predict the effects of various habitat alterations on populations of the small mammal species studied (Table 7) . These predictions are based primarily on my results (Tables 1 and 2 ), but for species where data were few, the results were supplemented by the cited literature. For any given species, but especially an intolerant one, perturbations of its 
